examined by electron microprobe.
The results show that the boundary compositions deviate from equilibrium values. The compositional deviations are analyzed in terms of atomic mobility on the basis of the phenomenological theory of material transport. It is found that the atomic mobility in sidered to be due to a large negative value for the entropy of activation in the transfer process involved.
(Received March 12, 1975) It has been generally recognized that the composition of interphase boundaries in the two-phase diffusion couples is essentially the same as that given by the equilibrium phase diagram after the initial transient period of diffusion. Our finding(1), however, shows that interface in Fe:Cr diffusion couples is not equal to the equilibrium value even if the coupies are heated for a long time more than 100 hr. In a diffusion experiment Eifert et al. (2) reported a systematic deviation from the equilibrium composition at the bcclfcc interface in Cu:Al diffusion couples. Such deviations have also been detected in the two-phase diffusion couples of Au:Co by Braun et al. (3) and those of Ni:Cr by the present authors(4). Furthermore, Oikawa et al. (5) suggested the occurrence of a deviation in carbon concentraproduced by decarburization of alloy steels. In fact, it was ascertained by Togashi et al. (6) that the deviation in boundary concentration of carbon in austenite adjacent to ferrite is negative in the decarburization and is positive in the carburization of low alloy steels. Similar phenomena to those described above were also found at the interphase boundaries between the matrix and the second phase in several two-phase alloys. For example, Nolfi et al.(7)(8) have estimated that the carbon concentration in ferrite adjacent to cementite particles is lower than the equilibrium concentration during dissolution of the cementite. Abbott et al. (9) have found that the concentration of silver in the matrix at the matrix/ precipitate interface in Al-Ag alloy is less than the equilibrium value during the dissolution process.
These experimental results indicate that the phase interface in a flow of atom transport is not in a state of local equilibrium. In other words, the interfacial reaction should be considered to play an important role in the diffusional processes in alloy systems. This work was done with a view to obtaining a better understanding of the compositional deviation diffusion couples and to analyzing the deviation in terms of the mobility of atoms passing across the phase interface according to the phenomenological theory on the transport process.
Materials
Chemical compositions of the starting materials used in this investigation are given in Table 1 . Fe-Cr alloys listed in Table 2 interface can be produced without contamination and compulsive stress.
Microprobe analysis
The diffusion couples quenched from the experimental temperatures by breaking the capsules in iced brine were cut in parallel with the direction of diffusion, and were examined by an ARL-EMX electron probe microanalyzer (Shimazu Seisakusho Ltd. (1) The chromium concentration profiles for the diffusion couples, prepared by vapor metallizing of the Fe-9.0 at%Cr alloy speci- and is maintained at a constant concentration cl is given by (2) where co is the initial concentration at x>0, and D is the interdiffusion coefficient.
In the case of Fe:Cr diffusion couples, however, we should take into account the fact illustrated in Fig. 12 , and the position of the is described approximately by a square root equation (3) where a and b are constants independent of time. Fick's 2nd law in such a moving system is written by (4) In solving this equation, it should be noted further that the phase boundary compositions do not remain constant. However, it is difficult to get a solution of eq. (4) for such a boundary condition, and furthermore, the actual rate of composition change is estimated to be rather slow after the initial transient period of diffusion. Thus, we solved eq. (4) for a simplified boundary condition, c=c1 at x=0. The solution is expressed by Figure  12 shows that the displacement of and hence the migration rate is described by (6) where b is the constant which has already been incorporated into eq. (3). The displacement of couples, and the migration rate was of the Fe-14.3 at % Cr couples the displacement of direction, the migration rate being about 10-9cm/sec as shown in Table 3 . The molar flux of i species atom passing average velocity and the average concentration in the interface as follows: (7) ical theory of material transport, the velocity of the net flow is given by (8) provided the coupling effect is not involved. chemical potential difference at the interface, mol-1) is the mobility of i species atom passing eq. (7) with eq. (8), we obtain
The molar flux of i species atom diffusing into sum of the flux of diffusion in itself and the material flux induced by the migration of the (10) are the diffusional molar fluxes relative to the Matano interface so that they are given by (11) Since the rate of change in phase boundary composition is not so rapid after the initial transient period of diffusion, it is postulated equation is obtained from eqs. (9), (10) and (11),
easily determined from the diffusion profiles and the right hand side of eq. (12a) can be evaluated from the diffusion data listed in Table 4 . is generally expressed by (13) librium. For the Fe-Cr system, eq. (13) is rewritten in a simpler form according to the regular solution approximation: (14) have been evaluated by many investigaby Kirchner et al. (14) were used here: (15) Using all the data concerned, the chemical diffusion couples were estimated as given in the 6th column in Table 4. 3. Atomic mobility in transfer across the evaluated from eq. (12a). The results obtained differ from each other to some extent as given in the last column in Table 4 , but these are From Fig. 14 , it is obvious that the atomic mobility in the transfer process across the phase interface is much smaller than that in fact means that the extremely small size of the atomic mobility concerned here is mainly due to an anomaly in the activation entropy term. The analysis of this point has been discussed in a separate paper (19) . It is also to be noted in probably suggest that the atom transfer from the fcc to the bcc phase is easier than that from the bcc to the fcc phase. In other words, the fcc/bcc interface would be more mobile in the growth of the bcc phase than that of the fcc phase. The details of this phenomenon will be reported in a separate paper. 4 (20) This quantity is also related to the migration rate as follows:
In the reaction rate theory, the interfacial resistance has been generally analyzed according to the following equation (29) Fig. 15(a) . This fact agrees with the effect of supersaturation found in phase transformations of various alloy systems. However, in a special case where the phase boundary compositions of both the phases are nearly equal to each other, one of the values in brackets ( ) should become negative. Consequently, the phase boundary compositions deviate to the opposite direction as shown in Fig. 15 Boundary compositions of the moving phase interface in diffusion couple. Fig. 15(b) , though the interface moves in the same direction as shown in Fig. 15(a) ( 2) The interfacial resistance was evaluated in terms of the atomic mobility, and it was found out that the mobility in the transfer process is less than that in the lattice diffusion of the mobility would be due to a large negative entropy of activation in the transfer process.
